Background Inflamed epidermal cysts are common clinical conditions, and they frequently form abscesses. We designed a study to delineate the bacteriology of inflamed epidermal cysts. Methods We enrolled 61 adult patients with inflamed epidermal cysts characterized by surface erythema, with or without tenderness, or localized abscess formation within the cyst cavity. Incision and drainage of the cysts were performed, and the contents were sent for aerobic and anaerobic bacterial culture. The locations of the cyst and culture results were recorded for statistical analysis. Results A total of 61 cysts and 122 cultures were obtained. The most common locations of the inflamed cysts were the face, neck, and scalp (34.4%), followed by the trunk (32.8%), then the buttocks, inguinal areas, perineum, and axillae (16.4%), and the extremities (16.4%). The culture results were positive in 88.5% of patients, and anaerobes were more frequently isolated than were aerobes. Pure aerobes represented 31.1% of the cultures; pure anaerobes, 36.1%, and combined aerobes and anaerobes, 21.3% (n = 13). The most common anaerobic organisms found were Propionibacterium spp (40.8%), followed by Peptostreptococcus spp (36.7%), Staphylococcus saccharolyticus (14.4%), Prevotella (4.1%), Bacteroides fragilis (2.0%), and Fusobacterium spp (2.0%). The most commonly isolated aerobes were Staphylococcus spp (40%), followed by Enterobacter spp (11.3%), Proteus mirabilis (8.5%), Citrobacter diversus (8.5%), Klebsiella pneumoniae (5.7%), Corynebacterium (5.7%), Morganella morganii (2.9%), Enterococcus faecalis (2.9%), group A β-hemolytic streptococcus (2.9%), Pseudomonas aeruginosa (2.9%), and Providencia rettgeri (2.9%). Conclusions Both aerobic and anaerobic microorganisms were present in the inflamed epidermal cysts, although the anaerobic bacteria, specifically, Propionibacterium spp and Peptostreptococcus spp, were isolated slightly more frequently. Antibiotics directed against anaerobes may be considered in the treatment regimen for inflamed epidermal cysts.
Introduction
An epidermal cyst is one of the most common benign skin neoplasms. A punctum on the epidermis is an inconsistent finding, and the cyst is usually slow-growing and asymptomatic. 1 The lining of epidermal cysts results from dermal proliferation of follicular infundibular epidermal cells, either idiopathically, due to trauma, or by surgical implantation of epidermal cells. 2, 3 An inflamed or infected epidermal cyst can progress to an abscess and is characterized by fluctuating swelling of a preexistent epidermal cyst surrounded by erythema, tenderness on palpation, presence of purulent materials, and release of a foul-smelling, cheesy white discharge on manipulation.
To clarify the etiology of inflamed epidermal cysts, several investigators have sought to identify the role of microorganisms. However, to our knowledge, no reports of such investigations in Taiwan have been published in the English literature. Leppard et al 4 hypothesized that pathogenic organisms were present and were responsible for the clinical changes in epidermal cyst inflammation. Aerobic and anaerobic bacteria have been recovered from inflamed epidermal cysts even in animal models. 5 Diven et al 6 investigated 25 inflamed and 25 uninflamed epidermal cysts in patients and concluded that the predominant microorganisms were coagulase-negative Staphylococcus (CNS), Peptostreptoco ccus spp, and Propionibacterium spp in both types of cyst. According to Brook, 7 the most common causative organisms of epidermal cyst infection were Staphylococcus aureus, group A β-hemolytic streptococcus, and Escherichia coli, while the most commonly isolated anaerobes were Pepto streptococcus spp, pigmented Prevotella, Porphyromonas spp, and Bacteroides fragilis group. In cysts on the trunk and extremities, S. aureus is the most common isolate; but in rectal, vulvovaginal, scrotal, and scalp cysts, anaerobes are most commonly isolated. In one study in which 231 inflamed epidermal cysts were analyzed, the isolation of aerobes was unrelated to the anatomic sites of the cysts, but anaerobic organisms were more frequently isolated from cysts in the perirectal and vulvovaginal areas and on the head. 5 This study also indicated that the infection in inflamed epidermal cysts was polymicrobial in nature. However, the extent to which bacterial infection, either by aerobic or anaerobic organisms, plays a role in the inflammatory process remains a matter of debate. The purpose of our study was to identify the bacteria usually found in inflamed epidermal cysts in our clinical setting and to determine whether there is a correlation between the type of bacterial colony, antibiotics use and treatment responses. To achieve this end, we obtained aerobic and anaerobic cultures from inflamed epidermal cysts, determined the yield from culture, and identified the species of the isolates to determine the relative abundance of aerobic and anaerobic bacteria. Follow-up was performed after 1 week of outpatient department visit.
Patients and methods

Patients
Eligible patients were healthy, nonimmunocompromised adults (> 16 years and < 83 years of age) with inflamed epidermal cysts on any area of the skin surface, and who visited our dermatology outpatient department between 2008 and 2009. Patients were excluded who had diabetes mellitus, chronic liver disease (including cirrhosis of the liver and hepatomas), or renal disease. Immunocompromised patients, those younger than 16 years, or those who had been treated with oral medications, either with nonsteroidal antiinflammatory drugs (NSAIDs) or systemic antibiotics, during the month before the culturing was performed were not eligible for the study. Finally, patients whose epidermal cysts had been incised and drained within one month before the culturing were excluded.
An inflamed epidermal cyst was defined as one with surface erythema, with or without tenderness, or localized abscess formation within the cyst cavity. Obtaining aerobic and anaerobic culture results is a standard procedure for determining the correct treatment; therefore, the patients in this study did not undergo any unusual or investigational interventions. However, they were informed that the results of their tests would be studied and reported, and they provided oral consent for this. Patients enrolled in the study had not been treated with systemic antibiotics or NSAIDs for at least 1 month before the study, and they had not undergone incision and drainage or any surgery in the preceding month.
Methods
At our institution, the standard procedure is to incise and drain the inflamed epidermal cyst using standard sterilization methods, and then to send the contents to the laboratory for aerobic and anaerobic cultures. After the procedure, we administered empiric oral dicloxacillin or cefadroxil and NSAIDs to the patients for 1 week. After the inflammation resolved, some patients underwent subsequent surgical excision to extirpate the cyst walls, to prevent recurrences. For the patients in this study, the skin surface of the cyst was swabbed three times with povidone iodine solution, followed by alcohol (75%), and the cyst was surgically incised with a single-use surgical blade (no. 11). A pair of aerobic and anaerobic culture swabs were inserted into the cystic space, and specimens of keratinous content or pus from the inflamed or ruptured epidermal cysts were collected for aerobic and anaerobic bacterial culturing before the administration of antibiotics and/or NSAIDs. Follow up for residual erythema, swelling or tenderness of the patient was performed after one week at our outpatient department.
Statistical analysis
Numbers and percentages are shown for all variables. The relationship between type of organism and location of cyst was analyzed with the χ 2 test. A p value < 0.05 was considered statistically significant. Statistical comparison was two-sided, and implemented with SPSS statistical software (version 15.0; SPSS Inc., Chicago, IL, USA).
Results
Among the 61 patients in the study, the average age was 41.2 years (range: 16-83 years), and 63.9% of the patients were males. Positive culture results were obtained for 88.5% of the patients ( Table 1) . The most common locations of the inflamed cysts were the face, neck, and scalp (34.4%), followed by the trunk (32.8%), the buttocks, inguinal areas, perineum and axillae (16.4%), and then the extremities (16.4%). The frequencies of infection by specific aerobes and anaerobes are summarized in Table 2 . The most common anaerobic organisms identified were Propionibacterium spp (40.8%) and Peptostreptococcus spp (36.7%), Staphylococcus saccharolyticus (14.4%), Prevotella (4.1%), Bacteroides fragilis (2.0%), and Fusobacterium spp (2.0%). The most commonly isolated aerobes were coagulase-negative Staphylococcus spp (CNS; 25.7%), followed by Staphylococcus aureus (14.3%), Enterobacter spp (11.3%), Proteus mirabilis (8.5%), Citrobacter diversus (8.5%), Klebsiella pneumoniae (5.7%), Corynebacterium (5.7%), Morganella morganii (2.9%), Enterococcus faecalis (2.9%), group A β-hemolytic streptococci (2.9%), Pseudomonas aeruginosa (2.9%), and Providencia rettgeri (2.9%).
The distributions of aerobic and anaerobic microorganisms in (or on) various body parts are shown in Table 3 . The χ 2 test revealed no significant associations between the type of organism (aerobic or anaerobic) and the location of the cyst (p = 0.091), although the results of bacteriological cultures showed that the percentage of aerobes isolated from the cysts at extremities was higher than that of anaerobes.
Discussion
Our examination of inflamed epidermal cysts from 61 patients has shown that bacteria could be cultured from most (88.5%) of them. The isolated organisms were predominantly anaerobic regardless of the anatomical site of the cyst. Among these, Propionibacterium spp accounted for 57.1% (20 isolates of the 35 cysts); and Peptostreptococcus spp accounted for 51.4% (18 isolates of the 35 cysts). Symptomatic epidermal cysts are also called "inflamed," "infected," or "ruptured" epidermal cysts;
8 they present clinically as swollen nodules with overlying erythema with or without tenderness. Epidermal cysts are also termed sebaceous cysts, epidermal inclusion cysts, epidermoid cysts, pilar cysts, trichilemmal cysts and follicular cysts in the literature. 1 However, sebaceous cysts are nothing more than a variety of keratinous cyst. Epidermal cysts contain keratin and lipid, and the rancid odor often associated with these cysts relates to the relative fat content, bacterial infection, or decomposition. Spontaneous rupture discharges the soft, yellow keratin material into the dermis. A tremendous inflammatory response (foreign-body reaction) ensues, often producing a purulent, cheesy white material. At the present time, there are two main types of skin cysts, the epidermal cyst and the pilar (trichilemmal) cyst. The keratinization of trichilemmal cysts occurs without keratohyaline granules and is derived from the external root sheath, while the keratinization of the more prevalent epidermal cysts occurs with formation of keratohyaline granules. An abscess may develop in an inflamed epidermal cyst and it must be surgically drained, after which the patient should be given systemic antibiotics and/or NSAIDs. Previous studies have indicated that the infection in inflamed epidermal cysts could be polymicrobial in nature. 5 We also found that some of the patients in the current study had two or more microorganisms in a single cyst. The inflammatory process in inflamed epidermal cysts may not be solely the result of a simple bacterial infection, and the infecting microorganisms do contribute in some way to the pathogenesis. In a study in which 115 inflamed and 37 noninflamed epidermal cysts were analyzed, the yields of bacterial growth and rates of isolation of anaerobes were shown to be significantly greater in the case of inflamed epidermal cysts than in the noninflamed ones. 9 In that same report, the predominance of anaerobes in the inflamed epidermal cysts strongly suggested that these organisms play a role in the inflammatory process. Peptostreptococcus spp accounted for 64% of their anaerobic isolates, and this predominance is similar across reports. Brook 5 and Nishijima et al 10 showed that Bacteroides spp, Propionibacterium spp, Prevotella, and Veillonella were commonly isolated from inflamed epidermal cysts. The presence of Propionibacterium spp was of interest because P. acnes releases lipase, which produces free fatty acids, and protease, which destroys hair follicle walls, and could thus contribute to the inflammatory process. 11 However, Diven et al 6 found no significant difference in the microbial components of inflamed and noninflamed epidermal cysts and concluded that the cultured bacteria did not contribute to inflammation. They also hypothesized that these epidermal cysts become inflamed because rupture of the cyst wall results in extrusion of the contents into the dermis. In our study, the rate of positive results from bacterial culture was 88.5% (54 of the 61 cases of inflamed epidermal cysts), as compared with the 79.1% yield from bacterial culture reported by Kuniyuki et al. 9 Similarly, the bacterial culture results in our study showed a predominance of anaerobic organisms. These results are consistent with the observation that most of the cysts in our study population were located on the head and neck area, and cysts in these locations have been reported to harbor anaerobic bacteria more frequently. 5 However, we observed that anaerobes were cultured more frequently than aerobes not only on the face, neck and scalp group, but were also more often isolated in the trunk and buttocks, inguinal and axillary areas. Only in the extremities were aerobes more often isolated, but the difference was not statistically significant. Surgical incision and drainage are useful for treating inflamed epidermal cysts. However, if the keratin-producing lining of the cyst is not eliminated, the cyst may recur. 6 Thus, the remaining cyst walls should be surgically extirpated after remission of inflammation. Complete resolution of the infection not only prevents wound dehiscence but also enables easy and safe dissection. 12 It has been recommended that treatment with systemic antibiotics should be considered in severe cases, especially in immunocompromised patients or if there is evidence of local or systemic spread of infection. 5 Because S. aureus and anaerobes (predominantly Peptostreptococcus and Bacteroides species) were important organisms in epidermal cyst abscesses, cefoxitin or a combination of imipenem-cilastatin sodium was recommended for such patients. 3 Other antimicrobial agents that are effective against both S. aureus and anaerobes include clindamycin, carbapenem, and the combination of β-lactamase inhibitors and penicillin. 5 Most of our patients were given empiric antibiotics against S. aureus, (but not anaerobic bacteria), such as dicloxacillin and cefadroxil. During follow up, we found that most lesions had become noninflammatory after incision and drainage followed by a 1-week course of oral antibiotics and NSAIDs. It is difficult to determine whether the recovered isolates represent infection or colonization. However, the predominance of anaerobic organisms in our study population and mere "colonization" or actually play a role in the inflammatory or infectious process, antibiotics effective against anaerobes may also be considered in the treatment of inflamed epidermal cysts.
in the literature provides information that in an inflamed epidermal cyst, antibiotics effective against anaerobes may also be considered, in addition to agents effective against S. auerus. According to sensitivity tests performed, clindamycin and metronidazole are active and cost-effective in most cases. In the treatment of acne, minocycline has shown antimicrobial activity on the pilosebaceous unit because of its strong lipophilicity. In addition, minocycline produces an anti-inflammatory action due to its reduction in neutrophilic chemotaxis, decrease in sebum free fatty acids, and bacterial lipases and the inhibition of pro-inflammatory cytokines. 13 Additional studies to evaluate the effects of antibiotics with anti-inflammatory properties such as macrolides on inflamed epidermal cysts would be of interest.
This was an uncontrolled study of inflamed epidermal cysts only, and the study design did not include evaluating noninflamed epidermal cysts. Further matched and controlled investigations with noninflamed epidermal cysts and on the natural course of inflamed epidermal cysts without systemic medication for treatment must be performed to establish a difference between inflamed and noninflamed cysts and their optimal treatment.
Conclusion
Both aerobic and anaerobic microorganisms were isolated from inflamed epidermal cysts among our study population. Anaerobic bacteria were isolated slightly more often than aerobic organisms, and the anaerobes Propionibacterium spp and Peptostreptococcus spp were predominant. Although it is difficult to determine whether these organisms represent
